Key indicators: single-crystal X-ray study; T = 100 K; mean (C-C) = 0.003 Å; R factor = 0.040; wR factor = 0.076; data-to-parameter ratio = 16.0.
The reaction of 2,2 0 -dithiobis(benzenamine) with furan-2-carbonyl chloride produced the bis-amide title compound, C 22 H 16 N 2 O 4 S 2 , which, in the crystal, formed a helix; the structure consists of two planar furanoylbenzenamines related by an improper rotation of 96.3 about the S-S bond. The Nfuranoylbenzenamine units are planar (maximum deviations = 0.316 and 0.132 Å ). Each electron-deficient acylfuran stacks (centroid-centroid separations of the two pairs of -stacked aromatic rings are 3.918 and 3.953 Å ) with the electron-rich benzenamine of the other N-furanoylbenzenamine unit, leading to a spiral structure. The conformation is stabilized by two bifurcated intramolecular N-HÁ Á Á(O,S) interactions.
Related literature
For the preparation of multidentate chelating agents using 2,2 0 -dithiobis(benzenamine) as starting material, see: Bhowon et al. (2001 Bhowon et al. ( , 2005 Bhowon et al. ( , 2007 ; Nag et al. (2001) ; Okachi et al. (1985) ; Uma & Palanaindavar (1993) ; Jhaumeer & Bhowon (2003) .
Experimental
Crystal data Table 1 Hydrogen-bond geometry (Å , ). Data collection: SMART (Bruker, 2001 ); cell refinement: SAINT (Bruker, 2002) ; data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: SHELXTL (Sheldrick, 2008) ; software used to prepare material for publication: SHELXTL.
Supplementary data and figures for this paper are available from the IUCr electronic archives (Reference: WW2132).
Comment
We have been interested in the synthesis and properties of potential ligands which can be prepared from 2,2'-dithiobis(benzenamine). From this starting material, one can envisage the preparation of multidentate chelating agents having nitrogen, oxygen and sulfur donor atoms of relevance for the study of various mode of coordination (Okachi et al., 1985; Bhowon et al., 2001; Jhaumeer Laulloo & Bhowon, 2003; Bhowon et al., 2007; Nag et al., 2001; Uma & Palanaindavar, 1993; Bhowon et al., 2005) . In the present work 2,2'-dithiobis(benzenamine) N,N'-bis(furan-2-carboxamide) was synthesized (Scheme 1) with a view to examining the stereochemistry of the compound.
The structure (Figure 1 ) proved to be of considerable interest in adopting a helical structure, the formation of which is driven, we suggest, by the interaction of the furan and benzene units, through space. A furan ring system is normally considered electron-rich, but in this case, carrying a 2-carboxamide unit, it is electron-deficient. The benzene rings, on the other hand, each with a sulfur and a nitrogen substituent, are electron-rich, compared with an unsubstituted benzene. We suggest that interaction of these electronically opposed π-systems, through space, orients the molecule in a helix such that one acyl-furan stacks above the electron-rich benzene located at the other end of the molecule, and the other acyl-furan stacks below the other benzene ring. The second diagram, Figure 2 , is a view along the S-S bond. It clearly shows the helical nature of the molecule: the molecule shown has an anticlockwise sense of twist.
The furan ring (C19-C22 and O4), the amide unit (C18, O3, N2), the benzene ring (C12-C17), and S2 are oriented in one plane, which we use as a reference plane (plane 1) (see below). The other benzene ring (C1-C6) (plane 2), the other furan ring (C8-C11 and O2) (plane 3), and the other amide unit (C7, O1, N1) (plane 4), comprise three planes at small dihedral angles one with the other: 2 versus 3 = 18.51°; 3 versus 4 = 13.75°; 2 versus 4 = 11.77°.
The extent to which the reference plane 1 and the three planes of the other 'half' of the molecule are not parallel is small. Quantitatively, this can be measured by the dihedral angles between plane 1 and other three planes: 1 versus 2 = 23.05°; 1 versus 3 = 8.78°; 1 versus 4 = 6.45°. Thus, to a close approximation, the molecule consists of two units (one planar and one close to planar) which are nearly parallel, the largest deviation from which being 23.05° (between the two benzene rings: the extent to which the planes of these can be parallel is constrained by their attachment to the disulfide unit). At the closest points, the distances between the two pairs of stacked furan and benzene aromatic rings are 2.35Å and 3.56Å.
Experimental
A solution of 2-furoyl chloride (0.52 g, 4 mmol) in dioxane (25 ml) was stirred with triethylamine (0.25 ml) for 30 min. To the reaction mixture a solution of bis(2-aminophenyl disulfide) (0.50 g, 2 mmol) in dioxane (15 ml) was added dropwise and the mixture was stirred at room temperature for 3 h. The solution was filtered and on keeping the filtrate for 48 h a solid formed, which was filtered off, the solid washed with water and dried and gave the bis-amide (0.75 g, 84%) as yellow 113.4, 115.5, 120.2, 122.8, 124.1, 132.2, 136.7, 139.6, 145.0, 147.6, 155.7 ; m/z (FAB) 459 (M+Na), 437 (M+H).
Refinement
The structure was solved by direct methods. The non-hydrogen atoms were refined anisotropically. H atoms were included in calculated positions with C-H lengths of 0.95(CH), 0.99(CH 2 ) & 0.98(CH 3 )Å; U iso (H) values were fixed at 1.2U eq (C) except for CH 3 where it was 1.5U eq (C). Figures   Fig. 1 . View of (I) (50% probability displacement ellipsoids). 
N,N'-(2,2'-Dithiodi-o-phenylene)bis(furan-2-carboxamide)
Crystal data Primary atom site location: structure-invariant direct methods Extinction correction: none
Special details
Geometry. 
